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Abstract
From the analytic oscillation probability for high energy atmospheric neutrinos in the presence of new physics in
propagation, it is argued that the components |eµ| and |µτ| as well as the quantity |ττ− |eτ|2/(1+ ee)| should be small.
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There has been much interest in the effective Non-
Standard neutral current-neutrino Interactions (NSI)
with matter, because the future long baseline experi-
ments are expected to allow us to probe them. With
such interactions, the matter potential in the basis of the
flavor eigenstates becomes a 3 × 3 hermitian matrix
Aαβ = A(δeαδeβ + αβ), (α, β = e, µ, τ) (1)
where A ≡ √2GFNe and Ne is the density of electrons
in matter. Constraints on the NSI parameters αβ from
various neutrino experiments have been discussed by
many people (see Ref. [1] and references therein), and
the constraints at 90%CL are summarized by the follow-
ing [2]: |ee| . 4× 100, |eµ| . 3× 10−1, |eτ| . 3× 100 ,
|µµ| . 7 × 10−2, |µτ| . 3 × 10−1, |ττ| . 2 × 101 .
Let us now consider the high-energy behavior of the
disappearance probability P(νµ → νµ), which can be
measured by the upward-going µ events in the atmo-
spheric neutrino experiments, and let us expand it in
∆E/A ≡ ∆m2atm/2AE (E is the neutrino energy, ∆m2atm
is the mass squared-difference of the atmospheric neu-
trino oscillation):
1 − P(νµ → νµ) ' c0 + c1 ∆EA + O
(∆EA
)2 . (2)
It is known that c0 and c1 in Eq. (2) vanish in the stan-
dard scenario with three flavors, and the atmospheric
neutrino data of Superkamiokande indeed confirms that
|c0|  1 and |c1|  1.
In the presence of the generic matter potential (1),
it can be shown [1] that |c0|  1 leads to |eµ|  1,
|µµ|  1 and |µτ|  1, while |c1|  1 leads to
|ττ − |eτ|2/(1 + ee)|  1. |µµ|  1, |µτ|  1 and
|ττ − |eτ|2/(1 + ee)|  1 were first shown in Refs. [3],
[4] and [5], respectively. On the other hand, if we ex-
clude the one-loop arguments [3] to constrain eµ as in
Ref. [6], then the observation in Ref. [1] that |eµ|  1
follows from the the atmospheric neutrino constraint is
new, although it is based only on an analytical treatment.
It would be interesting if we can determine the coef-
ficient of the term of order (∆E/A)2 in Eq. (2) and its
zenith angle dependence by experiments such as Su-
perkamiokande, IceCube and Hyperkamiokande.
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